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ABSTRACT 
 
KATHERINE A. STEERE: Palatal Tactile Sensitivity in Adults with Repaired Cleft  
Lip and Palate 
(Under the direction of David Zajac) 
 
 Individuals with repaired cleft lip and palate (CLP) may be at risk for decreased 
tactile sensitivity in the oral cavity due to surgical intervention and scarring. Three 
research questions were proposed: 1) Do adults with repaired CLP demonstrate reduced 
palatal sensitivity compared to a control group? 2) Do adults with repaired CLP exhibit 
longer speech segment durations of alveolar-palatal targets? 3) Is there a relationship 
between palatal sensitivity and duration of speech segment durations? Tongue and 
alveolar-palatal tactile thresholds were determined for five adults with repaired CLP and 
five adults without CLP, using Semmes-Weinstein monofilaments. Normalized speech 
segment durations were determined for the alveolar-palatal sounds (/s/, / ʃ/, /t/, and /l/). 
The difference between groups for tactile thresholds approached significance (p=.0741). 
Within subjects, significant differences occurred between the tongue and alveolar-palatal 
sites. Correlations among tactile thresholds and speech segment durations were not 
significant. Clinical implications are discussed.  
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INTRODUCTION 
 
 Tactile feedback is an essential component of speech production. Individuals with 
repaired cleft lip and palate may be at risk for decreased tactile sensitivity in the oral 
cavity due to surgical intervention and scarring. There is a limited amount of research in 
this area, especially in regard to speech production.  
 Early studies of cleft lip and palate sought to examine tactile sensation using 
geometric forms within the mouth. In one study, 12 adult speakers with cleft palate 
demonstrated inferior ability to discriminate oral stimuli in comparison to speakers 
without palatal clefts (Hochberg and Kabcenell, 1967). More recently, Noguchi, Suda, 
Ito, and Kohama (2004) used Semmes-Weinstein monofilaments to measure palatal 
sensitivity after two different cleft palate repair techniques. Results showed a significant 
increase in tactile thresholds for the repaired cleft lip and palate groups in comparison to 
the control group.  Significantly increased tactile thresholds were also reported for those 
individuals with one cleft lip and palate repair technique (mucoperiosteal flap) versus the 
other (supraperiosteal flap).   
 Few studies have examined the relationship between speech and palatal sensitivity 
in cleft lip and palate. In a study of temporal characteristics of alveolar stop-plosives in 
children with cleft palate, Gaylord and Zajac (2005) suggested that prolonged duration of 
stop gaps for children with cleft lip and palate may reflect reduced oral tactile sensitivity 
due to alveolar clefts and/or surgical scarring, though no sensitivity measures were 
collected in their study 
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The overall goal of this project was to add to the sparse research base regarding 
tactile sensitivity in individuals with cleft lip and palate, specifically in regard to speech 
production. Three research questions were proposed: 1) Do adults with repaired CLP 
demonstrate reduced palatal sensitivity compared to a control group? 2) Do adults with 
repaired CLP exhibit longer speech segment durations of alveolar-palatal targets? 3) Is 
there a relationship between palatal sensitivity and duration of speech segment durations? 
 
 
 
 
 
 
 
 
 
  
 
 
 
REVIEW OF THE LITERATURE 
Theoretical Background: Relating Oral Sensory Abilities to Speech Production. For more 
than fifty years, various researchers have studied the relationship of oral sensory abilities 
and speech production. McCroskey (1958) studied the relationship of auditory and tactile 
cues with regard to certain aspects of speech. For his research, six speakers read three 
lists of words under four conditions: normal auditory feedback, delayed air-borne 
auditory feedback, anesthetized articulators (via nerve blocks causing loss of sensation of 
the lips, cheeks, buccal and lingual gingivae, anterior two-thirds of the tongue, and 
alveolus) and finally, a combination of anesthetized articulators paired with delayed 
auditory feedback. During this study he found that word accuracy and intelligibility were 
most affected by the experimental conditions involving loss of tactile cues, with no 
difference demonstrated in mean phrase duration. For the condition of delayed auditory 
feedback, he reported opposite results, with an increase in phrase duration, however, no 
effects on word accuracy and intelligibility were found.  
 Ringel and Steer (1963) also found a significantly increased number of 
articulation errors under conditions of local anesthesia in the oral region. Their study 
assessed the speech samples of thirteen females randomly assigned to one of the 
following experimental conditions: control (absence of either anesthesia or induced 
noise), binaural white masking noise, topical anesthetization of the oral cavity with 
Xylocaine, local anesthetization with nerve block techniques similar to McCroskey 
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(1958), both binaural masking noise and topical anesthetization, and lastly, use of 
binaural masking noise in conjunction with local anesthetization. Similar to McCroskey, 
the results showed that syllable duration was most affected by altered auditory feedback. 
However, Ringel and Steer also found that a tendency toward increased phonation/time 
ratio existed for the nerve block anesthesia condition. The authors analyzed average peak 
level of speech amplitude and noted increased intensity with masked noise and tactile 
alteration, both individually as well as concomitantly.  
 Hardcastle (1975) attempted to overcome what he believed were limitations of 
previous studies in which tactile feedback was altered through use of a topical anesthetic 
or injection of an anesthetic solution into a region close to the mandibular nerve, such as 
in the work of McCroskey (1958) and Ringel and Steer (1963). His aim was to provide 
detailed qualitative and quantitative data in regard to speech production under conditions 
of altered sensory feedback. He argued that there were many limitations inherent in the 
experimental procedures used in most of these previous investigations. Hardcastle noted 
that in previous studies, no system had been used to quantify the articulatory 
“inaccuracy” that was considered to be a significant result of the lingual block and 
auditory masking conditions. In order to collect these data, Hardcastle used 
electropalatography and quantified the sensory deprivation of the various anesthetic 
conditions by means of a specific testing procedure using an oral aesthesiometer. 
Electropalatography is an artificial palate with forty contact electrodes that registers 
change in patterns of the tongue contact with the palate, and represents these contacts as a 
series of flashing lights on a screen. The oral aesthesiometer was an instrument designed 
to assess the force threshold for applied stimuli to the tongue’s surface. From his results, 
 5 
 
he agreed that at least in the short term, conditions involving alteration in feedback of 
sensory information by auditory masking and anesthetic procedures did have some 
measurable effects on speech performance. As had been shown in previous studies, he 
reported that auditory feedback, rather than tactile feedback was more important in the 
temporal control of those articulations involving small areas of tongue contact with the 
palate. He hypothesized that sounds such as [s] and [ʃ], which require considerable 
precision of neuro-muscular control, would depend on both types of feedback. However, 
it should be noted that at the time of Hardcastle’s publication, only one subject had been 
investigated due to the detailed nature of the measurements used in his study.  
 The notion of the role of sensory feedback in speech production was further 
emphasized when Lindblom and Lubker (1979) suggested that the target of a vowel 
segment was coded neurophysiologically in terms of its area function by means of 
corresponding sensory information. Through experiments with bite block production of 
vowels, Lindblom and Lubker’s subjects were found to be successful in producing 
compensatory articulations for a fixed and physiologically unnatural position of the 
mandible. They concluded that the nature of speech motor control was context-
dependent, in which a target or sensory goal associated with a given segment was 
translated into a spatio-temporal pattern of motor events that was shaped with regard to 
the contextual conditions.  
  Perkell (1979) discussed the work of Lindblom and other researchers, such as 
Polit and Bizzi (1978) who studied somatosensory feedback in the upper limbs of three 
adult monkeys, and conjectured that a major function of afferent feedback was in the 
adaptive modification of learned motor programs. In his article, “On the Use of 
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Orosensory Feedback: An Interpretation of Compensatory Articulation Experiments”, 
Perkell suggested that orosensory feedback played a role in determining the nature of 
some distinctive features of speech. He also noted that this feedback might be important 
in making adjustments regarding the position or movement trajectories of one of more 
articulators with regard to preprogramming several hundred milliseconds ahead of time.  
 Gay and Turvey (1979) established that interference with either an efferent (bite 
block or artificial palate) or afferent variable (anesthesia of the TMJ and oral mucosa) 
alone did not affect the production of isolated vowels; however, simultaneous 
interference with both efferent and afferent variables caused a significantly altered vowel 
production. They studied two adult male speakers who pronounced isolated vowels /i, a, 
u/ with various conditions: a bite block, an artificial palate in place, and anesthesia. The 
authors reported distorted production of vowels when the bite-block condition was 
introduced either alone or in combination with the artificial palate and anesthesia. 
 After reviewing conflicting results in the research with bite-block studies, Hoole 
(1987) completed a bite-block experiment with a patient who showed substantial deficits 
in oral sensory abilities. He cited Linke’s (1980) research which reported undisturbed 
spontaneous speech but reduced compensatory abilities in a patient with absence of 
trigeminal afferent information bilaterally following surgical treatment for trigeminal 
neuralgia. Hoole’s subject, having suffered a closed head trauma and whiplash injury to 
the cervical cord, demonstrated high thresholds for light touch, two-point discrimination, 
and temperature and vibrotactile perception. He was also unable to recognize any forms 
in a 12-form test of oral sterognosis. The patient was not considered dysarthric, though 
intentional mobility of the tongue for non-speech tasks was impaired. Procedures were 
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designed to replicate the work of Lindblom et al. (1979) in regard to vowels produced, 
mode of elicitation, and size of bite-block. Results in this experiment showed significant 
vowel distortion and demonstrated agreement with Perkell’s theory that afferent 
information is essential in establishment of an orosensory frame of reference for motor 
commands. As this subject was also noted to have some sensory loss in the pharyngeal 
region, Hoole noted that information from the pharyngeal region may also have a 
prominent role in “maintaining the integrity of the orosensory frame of reference as a 
whole” (p. 19).  
 Speech production and its relation to sensory feedback remains an important topic 
in current research. Guenther has spent many years (Guenther, 1994, 1995, Guenther et 
al., 1998; Guenther & Ghosh, 2003, Guenther & Perkell, 2004) investigating and revising 
the DIVA (Directions into Velocities of Articulators) model of speech motor control. In 
this model a feedforward control system, involving the premotor and primary motor 
cortex and the cerebellum, works together with auditory and somatosensory feedback 
control systems that involve both sensory and cortical areas. The model’s somatosensory 
state map corresponds to the representation of tactile and proprioceptive information 
from the speech articulators in the primary and higher-order somatosensory cortical areas 
in the postcentral gyrus and supramarginal gyrus. The model also includes a 
somatosensory error map, which is hypothesized to be located in the supramarginal 
gyrus. According to the model, cells in this map become active if the speaker’s tactile and 
proprioceptive feedback from the vocal tract deviates from the somatosensory target 
region for the sound being produced. Functional MRI studies of speakers with 
unexpected blocking of the jaw have shown results to support this hypothesis, with the 
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strongest activations in the supramarginal gyrus during periods of perturbed speech 
(Guenther, 2006).  
 Niemi et al. (2002) evaluated the effects of lingual nerve impairment on phonetic 
quality of speech when normal lingual nerve function was partially distorted by local 
anesthesia. By analyzing the main acoustic features of vowel sounds, their results showed 
that reduced tactile sensation had various effects on vowel quality for each subject. They 
noted changes in frequency as well as a change in the total duration of vowels, though it 
was stressed that these effects were extremely individual and variable.  
   
Oral Sensory Testing Methodology. Various methods of assessing oral tactile sensation 
have been used in research dating back to the late 1800s. Class (1956) used plastic 
geometric configurations of varied shapes to assess lingual stereognostic ability and 
Grossman (1962, 1964) later adapted this procedure so as to assess stereognostic abilities 
of other oral mucosal surfaces.  
 In 1965, Grossman, Hattis, and Ringel conducted a two part study in order to add 
to the research base of oral sensitivity by employing a classical method of tactile 
stimulation with nylon filaments (Semmes aesthesiometers) of varying diameters, which 
had not yet been systemically applied to the oral cavity. The authors used six filaments 
ranging from .071-.124 mm in diameter with six subjects. The oral sites of tactile 
stimulation were the incisive papilla, the dorsal surface of the tongue, and the upper and 
lower lips at the muco-cutaneous junction, with each oral site contacted thirty times. The 
second part of this study involved use of a low-range force transducer (a mechanical 
device with a maximum of 1.5 mm pen deflection per mg of applied force) to monitor the 
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forces necessary to produce stimuli. Results from the first part of the study demonstrated 
that the tongue and the lip were significantly more sensitive than the incisive papilla. The 
second part of the investigation revealed that the vermilion border site was three times 
more sensitive than the muco-cutaneous junction, which was three times more sensitive 
than the incisive papilla. The authors noted that their findings were consistent with 
previous histological observations of a progressive decrease in frequency of sensory 
nerve elements from the skin towards the posterior of the mouth (Grossman 1964). 
 Maeyama and Plattig (1989) investigated the two-point discrimination in normal 
subjects using electric stimulation. They also found that the anterior portions of the oral 
cavity (rugae, anterior palate, labial mucosa, tip of the tongue) were more sensitive to 
electrical stimuli than their posterior counterparts (the posterior palate, buccal mucous 
membranes, and the dorsum linguae). They noted that few researchers had examined two-
point discrimination in the orofacial and other regions and suggested that in order to 
develop more accurate clinical diagnostic tests for patients with speech and food intake 
dysfunction, further research into the sensory functions of the tongue and soft palate was 
necessary.  
 Recently, use of quantitative sensory testing (QST) to study somatosensory 
modalities such as light touch, vibration, thermal, and pain has become more prevalent. 
As technology has advanced, the use of personal computers has simplified the process of 
quantifying sensory thresholds using various algorithms (Chong and Cros, 2004). In a 
review of the literature available from 1966-2001, the American Association of 
Electrodiagnostic Medicine (AAEM) concluded that QST is a reliable psychophysical 
test of large and small-fiber sensory modalities. The authors also reported that QST is 
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highly dependent on the full cooperation of the patient. They noted that the literature 
available did not allow a conclusion to be made as to whether any specific QST 
instrument is better than others.  
 For the present study, the use of QST of light touch using the Semmes-Weinstein 
monofilaments was employed, and therefore the history of these tools is of particular 
relevance. Semmes and Weinstein first introduced the tool in the form of a set of nylon 
monofilaments of different diameters mounted on handles (Semmes et al., 1960). Various 
adaptations and improvements have been made to the filaments in recent years, such as 
attaching a flexible probe to a controlled mechanical advancer with a force transducer 
that is manually applied. Despite their wide use, Bove (2006) noted various flaws in 
sensory testing with monofilaments, such as experimenter bias and the variability and 
chance for inconsistency with force generation. He discusses issues with filament 
anatomy such as the complex relationship between force, diameter, and compressive 
stress, due to the fact that the tip geometry, and therefore the applied pressure, changes 
during bending. He notes that filaments with tips of equal geometry are not commercially 
available. Bove also cites speed of bending as having an effect on the force applied and 
previous studies in which filaments did not produce their intended forces. 
 
Oral Sensory Testing in Normal and Impaired Speakers. Since the early 1960s, various 
researchers have studied the relationship between cleft palate and oral sensory abilities. A 
popular method utilized was a test of oral stereognosis which evaluated an individual’s 
ability to discriminate geometric forms orally. Mason (1967) suggested that the structural 
abnormalities of children with cleft palate, combined with the repositioning of tissues by 
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various surgical procedures may “diminish or disorient” their oral sensory inputs (p. 294). 
He conducted a study of oral form recognition tasks with individuals with cleft palate 
ranging from six to forty-five years of age. The subjects were a combination of persons 
with cleft palate in isolation as well as with cleft lip and palate, with some of the 
participants postsurgical. Each subject was presented with a board and twenty testing 
items, and asked to demonstrate that he or she could make accurate visual comparisons 
between the board and test items. The twenty testing items were then placed into the 
subjects’ mouths and he or she was asked to use the board to identify which object was 
within his or her oral cavity. Despite Mason’s initial hypothesis, he reported findings that 
there was no apparent perceptual deficit among the participants in this study. He 
concluded that the congenital anomaly of cleft palate was not accompanied by congenital 
sensory impairment of the oral area, at least for form recognition, with use of the tongue. 
 Contrary to Mason’s results, Hochberg and Kabcenell (1967) reported inferior 
ability of adults with cleft palate to discriminate oral stimuli in comparison to speakers 
without palatal clefts. In their study of twelve speakers with cleft palate and thirty 
speakers with no congenital anomalies, subjects were asked to orally distinguish ten 
different geometric forms that were randomized for a total of thirty trials. Along with 
results that demonstrated inferior discrimination ability in adults with cleft palate, 
significantly superior discrimination ability was found in the young cleft palate subjects 
when compared to the older individuals with cleft palate.  
 Pressel and Hochberg (1974) studied oral form discrimination in sixty children 
with surgically repaired cleft palates and sixty non-cleft palate children, ranging in ages 
from five to nine years old. This particular study used a method of paired-comparison, in 
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which the subjects were given a pair of forms and asked to report whether they were the 
same or different. Between-form errors were considered to be confusions between objects 
from two different geometric form groups (i.e. confusing a rectangle for an oval) and 
within-form errors were considered to be confusions between objects from the same form 
group (i.e. confusing two different sized rectangles). It was found that normal subjects 
demonstrated significantly fewer within-form errors than did cleft palate subjects, 
however, both groups showed a similar amount of between-form errors. Pressel and 
Hochberg noted that their results must be interpreted with caution as the difference 
between group performance was dependent upon only 3.5 percent of inter-group 
variance. They reported, “we cannot conclude that meaningful differences exist between 
cleft palate and non-cleft palate children with respect to oral form discrimination, even 
though such differences may be observed statistically between cleft palate and non-cleft 
palate children” (p. 70). 
 Andrews (1973) also studied oral form discrimination in individuals with cleft 
palate. Thirty-nine individuals with cleft palate (twenty with left unilateral cleft lip and 
palate, eleven with cleft palate only, seven with bilateral cleft lip and palate, and one with 
right unilateral cleft lip and palate) participated in this study. All subjects had undergone 
repair of their clefts except for one who had an unrepaired isolated cleft of the palate and 
another subject with an unrepaired posterior palate. Subjects were matched by age, plus 
or minus three months, with a subject without cleft lip and palate. Andrews used a similar 
method as Pressel and Hochberg, with paired-comparison. Subjects in the experimental 
group also participated in an articulation test. Results from this study were statistically 
significant in indicating that those individuals with cleft palate, as a group, performed 
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more poorly than the subjects without clefts. Additionally, the cleft palate group was 
divided into two halves with regard to number of articulation errors. The number of 
errors on the oral discrimination test for the half with the better articulation was 
essentially the same as the non-cleft group. However, the individuals with cleft palate 
who had the most articulation errors also performed worse on the oral form 
discrimination task. Andrews suggested that a test of orosensory discrimination could 
differentiate between a moderately to severely impaired articulation group and a group 
with mild to moderately impaired articulation. However, he noted that the test did not 
differentiate between normal speakers and those individuals with cleft palate who had 
mild to moderate articulation impairments.  
 Despite its widespread use during the 1950-1970s, McDonald and Aungst (1970) 
questioned the adequacy of a test of oral stereognosis to assess oral sensory function 
associated with the acquisition of articulatory skill. The authors administered a test of 
oral sterognosis to fifty children at each grade level, kindergarten through third grade, 
who also read ninety nonsense syllables with vowel-consonant and consonant vowel 
productions. Their results showed that there was essentially no relationship between the 
children’s oral sterognosis scores and their ability to produce complex articulatory 
movements.  
 As technology has advanced, the use of oral sterognosis for assessment of sensory 
capabilities in those individuals with cleft lip and palate has become a method of the past. 
Oral stereognosis has been replaced by use of light touch, such as with the Semmes 
Weinstein (SW) filaments, as well as various electrical stimulation tools. Uchiyama, 
Nakano, and Koeda (1998) measured palatal surface sensation in postoperative cleft 
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palate patients and controls using a SW sensemeter and vibrometer. It was found that 
both groups demonstrated reduced sensation in the anterior region of the hard palate vs. 
the anterior region of the soft palate or the premolar alveolar region. Tactile sensation 
was significantly more reduced in the postoperative cleft patients than in the control 
subjects, with specific difference noted in the premolar alveolar mucosa. However, 
vibratory sensation between the two groups did not show a clear difference. The authors 
suggested that the reduced tactile sensation of the post operative cleft patients, at the 
premolar alveolar region, might have an impact on speech development. 
 
Impact of CLP Surgical Procedures on Growth and Speech Development. Various 
researchers have identified the scar tissue that is present after cleft lip and palate repair 
and investigated its detrimental effects by assessing outcomes for those patients who 
undergo repair procedures. Ross (1987) reported that the quantity and distribution of scar 
tissue after healing of the soft tissues seemed to be the principal factor responsible for 
facial growth inhibition in these individuals. Researchers have also compared the surgical 
procedures used in cleft lip and palate repairs with the intent to determine which 
procedures are superior in terms of other functional outcomes.  
 Wijdeveld, Maltha, Grupping, DeJonge, and Kuijpersjagtman (1991) simulated 
palatal surgery in Beagle dogs of different ages. Histological evaluation showed that the 
composition of the scar tissue in the experimental groups remained different from the 
normal mucoperiosteum, regardless of the age at which the surgery was performed. It 
was reported that the scar tissue covering the lateral wound areas lacked large blood 
vessels and elastic fibers, with a mainly transverse orientation of collagenous fibers. 
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Wijdeveld et al. suggested that prevention of scar tissue attachment to the underlying 
bone might lead to a more favorable dento-alveolar development.  
 Leenstra, Kohama, Kuijpers-Jagtman, and Freihofer (1996) compared the 
supraperiosteal flap as described by Kohama (1991), which does not involve denudation 
of the bone, and the classic push-back mucoperiosteal flap as described by Wardill 
(1937), which results in denuded bone. They collected data in regard to the perioperative 
course and the dento-alveolar development of the deciduous teeth in the five years after 
each procedure, for patients with unilateral clefts of the lip, alveolus, and palate, as well 
as isolated cleft palate. The supraperiosteal repair was found to be superior in terms of 
healing time, as well as for the sagital maxillary development of the primary dentition.  
 In more recent years, researchers have become interested in comparing surgical 
techniques in terms of postoperative palatal sensitivity. Noguchi, Suda, Ito, and Kohama 
(2004) studied palatal sensitivity after cleft palate repair by a supraperiosteal or 
mucoperiosteal flap. Palatal sensitivity was measured with Semmes-Weinstein 
monofilaments and evaluated at 12 points on the hard palate and palatal side of the 
alveolus. Evaluation of articulation was assessed by a speech-language pathologist with 
more than thirty years of clinical experience with patients with cleft palate. Patients were 
examined to find whether hypernasality and misarticulations were present or not, and 
what types of errors existed. Results showed the mean value of thresholds of palatal 
sensitivity was higher in patients who had a mucoperiosteal flap (with denuded bone) 
than those who had a supraperiosteal flap (no denuded bone). It was found that regardless 
of the type of procedure, thresholds of palatal sensitivity in the central area showed a 
tendency to be lower than in the lateral area. The control group demonstrated similar 
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outcomes, with thresholds of palatal sensitivity that were significantly lower in the 
central area than in the lateral area. As far as speech outcomes, all patients with 
supraperiosteal flaps were normal, whereas seven patients with mucoperiosteal flaps had 
palatalization and one patient had a glottal stop. Noguchi et al. suggested that the scar 
tissue after palatal operations affects the regeneration of peripheral nerves. The authors 
concluded that good palatal sensitivity as well as good morphology of the maxillary 
dental arch and palate, in the supraperiosteal group, contributed to development of 
normal articulation.  
  Gaylord and Zajac (2005) proposed relationships between velopharyngeal 
closing time and both voice onset time (VOT) and stop gap duration for the phonemes /t/ 
and /d/. Twenty children with cleft lip and palate were digitally recorded while producing 
the syllables /tɅ/ and /dɅ/ and pressure flow measurements were used to determine the 
velopharyngeal closing durations from the word “hamper”. Results indicated a tendency 
(p=.101) for VOT to decrease as velopharyngeal closing time increased. Results also 
showed tendencies for children with alveolar clefts to have different segment durations. 
Gaylord and Zajac speculated that scar tissue may have contributed to lack of sensitivity 
and prolonged stop gap times; however no sensitivity measures were collected during this 
study.  
 
Statement of Purpose. Although limited, previous research suggests that palatal tactile 
sensitivity may be reduced in those individuals with repaired cleft lip and palate. The 
purpose of the current study was to add to the sparse research base regarding tactile 
sensitivity in individuals with cleft lip and palate, specifically in regard to speech 
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production. Three research questions were proposed: 1) Do adults with repaired cleft lip 
and palate demonstrate reduced palatal sensitivity compared to a control group? 2) Do 
adults with repaired cleft lip and palate have increased durations of alveolar-palatal 
targets? 3) Is there a relationship between palatal sensitivity and duration of speech 
segments produced with alveolar-palatal targets? 
 
 
 
 
 
 
 
 
 
 
  
 
 
METHOD 
 Participants. Five adults with repaired cleft lip and palate and five adults without cleft lip 
or palate participated in this study. Participants were recruited to the University of North 
Carolina-Chapel Hill Craniofacial Center, School of Dentistry. Subjects were interviewed 
to collect a brief medical history. To be included in the study, all subjects a) were at least 
eighteen years of age, b) were free of known syndromes, and c) spoke English as their 
first language. All participants in the control group a) were age and gender-matched to 
the individuals with clefts (age matched within 3 years), b) passed the Arizona 
Articulation Proficiency Scale, Third Edition, and c) passed a pure-tone hearing 
screening at 25 dB HL for the frequencies of .5, 1, 2, 4, and 8 kHz in the better ear. 
Results of the pure-tone hearing screening for the individuals with cleft lip and palate are 
displayed in Table 1. 
Table 1. Summary of participants’ sex, age, and cleft type and hearing screening. 
Notes: CLP=Cleft Lip and Palate, M=Male, F=Female 
 
CLP 
Participants 
Sex Age Cleft Type Hearing 
Screening 
Control 
Participants 
Sex Age 
CLP 1 M 18 Right CLP Fail Control 1 M 20 
CLP 2 F 20 Left CLP Pass Control 2 F 21 
CLP 3 F 35 Bilateral CLP Fail Control 3 F 32 
CLP 4 M 40 Right CLP Pass Control 4 M 40 
CLP 5 M 46 Right CLP Fail Control 5 M 45 
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Speech Sample and Audio Recording Procedures. The speech sample was always 
recorded prior to the measurement of alveolar-palatal sensitivity. Participants were audio-
tape recorded in a sound-attenuated booth in order to minimize background noise during 
the recording of speech. The participant was seated and speech recorded with a miniature 
head-mounted condenser microphone (AKG Model C420) and portable DAT recorder 
(Tascam, Model DA-PI) at a sampling rate of 44.1 kHz. The alveolar-palatal sounds /s/,   
/ʃ /, /t/, and /l/ were elicited in a carrier phrase (“Say ___ again”) using intervocalic VCV 
(vowel-consonant-vowel) syllables (/asa/, /asha/, /ata/, and /ala/). Each VCV syllable was 
elicited10 times, with a total of 40 productions (i.e., 4 consonants x 10 productions). The 
order of the 40 productions was conditionally randomized so that no identical VCV 
syllable occurred more than twice in sequence. The same randomized order was used for 
all participants.  
 
Measurements of Tongue and Alveolar-Palatal Sensitivity. All sensitivity thresholds were 
obtained while the participant was comfortably reclined in a dental chair and blindfolded 
with an eye mask. Sensitivity thresholds were determined by static light touch using 
calibrated Semmes-Weinstein nylon monofilaments (see Appendix for calibration data in 
grams). Thresholds were determined for five sites in the oral cavity: the central tongue 
tip, incisive papilla, and three areas on the palate: right, mid-posterior, and left.  
Thresholds were obtained for each test site individually. Tongue tip threshold was always 
measured first, with the order of the four palatal sites randomized for each subject. The 
tongue site was included to detect possible oral sensory deficits unrelated to surgical 
scarring in participants with CLP.  Subjects were made aware of the test site prior to each 
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series by touching the area with the filament of greatest diameter and asked, “Did you 
feel that?” (Grossman, Hattis, & Ringel, 1965).  
  A forced-choice method was used for this study, with the participant instructed to 
identify the interval (first or second) during which a filament was delivered. During each 
trial, a filament was pressed against the oral mucosa during one interval, and no stimulus 
was applied during the other interval. Following both intervals, the experimenter 
prompted the participant to “please respond”. Participants used a computer mouse to 
respond, with the left mouse button indicating the first interval and the right mouse 
button indicating the second interval. Textured tape was also placed on the left mouse 
button to facilitate responses. A computer program, VF TEST 32, specified the random 
sequence of the interval for stimulus application (first or second), the monofilament to be 
used for each of the 30 trials for each site, and predicted the threshold force that would be 
detected in the correct interval on 75% of the trials (Harvey, 1986; Essick, Phillips, & 
Zuniga, 2007).  
 The principal investigator performed the sensitivity threshold testing for all 
subjects. Participants were always asked if they wanted to take a short break in between 
the series for each site and offered a drink of water. Gauze was used to dry the oral tissue 
at the target site if the investigator was unable to create “a just noticeable bend” of the 
filament as it achieved contact with the mucosal surface (Grossman, Hattis & Ringel, 
1965). Photographs of the palate were taken for those subjects with cleft lip and palate so 
as to later identify the exact sites that were tested relative to possible scar tissue.  
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Acoustical Data Analysis. All DAT recorded speech samples were digitally transferred to 
the Computerized Speech Lab (CSL, Model 4400, Kay Elemetrics, Inc.). Absolute 
segment durations were determined for each of the 10 VCV syllables for each target 
consonant (/s/, / ʃ /, /t/, and /l/) using TF32 (Milenkovic, 2001). Waveform and 
spectrographic displays were used to identify the segments of the voiceless targets /s/,   
/ʃ/, and /t/ using standard acoustic criteria (Kent and Read, 2001). For voiced /l/, formant 
transitions of the vowels preceding and following the consonant were used to identify the 
segment. The mean duration for each consonant was calculated based upon each of the 
ten productions. For /t/, only the stop gap duration was determined – the burst release and 
period of aspiration were excluded. Total syllable length of each of the VCV syllables 
was also measured. Absolute segment durations were then normalized by dividing the 
absolute segment duration by total syllable length. 
 
Reliability. Inter-rater reliability of the author’s measurements of the speech segment 
durations of the target consonants was estimated by randomly selecting two participants 
(one CLP subject and one control subject). A graduate student assistant independently 
measured all syllable durations for each of the 4 target phonemes, for a total of 80 
repeated measurements (2 participants x 40 productions). Because the syllable duration 
data were normally distributed, Pearson Product Moment correlations were computed. 
The correlations between the author’s measurements and the graduate student’s 
measurements were .954 (p<.001) for the CLP subject and .970 (p<.001) for the control 
subject. The mean differences between the author and graduate student for the syllable 
durations of the CLP and control subjects were 7 ms and 2 ms, respectively.   
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 Intra-rater reliability of the author’s measurements of the speech segment 
durations of the target consonants was estimated by using the same randomly selected 
participants for the author to re-measure all syllable durations. Pearson Product Moment 
correlations between the author’s repeated measurements were .930 (p<.001) for the CLP 
subject and .961 (p<.001) for the control subject. The mean differences between repeated 
measurements for the syllable durations of the CLP and control subjects were 4 ms and 
less than 1 ms, respectively. 
 
Statistical Analysis. Descriptive statistics were calculated for the tongue and alveolar-
palatal sensitivity thresholds, as well as for the absolute and normalized speech segment 
durations of the target consonants (/s/, /ʃ/ /l/, /t/) to determine the distributional 
characteristics of the variables. To evaluate the first research question, a 2x5 analysis of 
variance (ANOVA) with repeated measures was calculated using PROC MIXED (SAS 
Institute Inc.). The between subject factor was group (CLP and non CLP) and the within 
subject factor was site using the log transformed tactile thresholds of the tongue (T), 
incisive papilla (IP), right alveolus (RA), left alveolus (LA), and mid posterior palate 
(MP). To evaluate the second research question, a 2x4 ANOVA with repeated measures 
was calculated. The within subject factor was normalized speech segment duration (/l/, 
/s/, /ʃ/, and /t/).  To evaluate the third research question, a parametric correlational 
analysis was computed using the mean log transformed tactile thresholds against mean 
normalized speech segment durations of the target consonants for all subjects (n=10). All 
statistical tests used an alpha level of .05 with Bonferroni corrections. 
  
 
 
RESULTS 
Tactile Sensitivity Thresholds: Descriptive Statistics. Tables 2 and 3 summarize the 
group means, medians, standard deviations (SD), and minimum and maximum values for 
the five sites that were tested to determine tongue and alveolar-palatal tactile thresholds, 
for both the cleft lip and palate (CLP) group and the control group. The mean tactile 
threshold values for the CLP group were as follows: tongue tip (T) 0.018g (SD=0.019), 
incisive papilla (IP) 0.090g (SD=0.091), right alveolus (RA) 0.162g (SD=0.088), left 
alveolus (LA) 0.467g (SD=0.555), and mid-posterior palate (MP) 8.460g (SD=18.740). 
The mean values for the Control group were as follows: T 0.006g (SD=0.003), IP 0.071g 
(SD=0.062), RA 0.070g (SD=0.060), LA 0.037g (SD=0.038), and MP 0.041g 
(SD=0.054). Figure 1 displays the log transformed tactile thresholds for all participants.  
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Table 2 Summary of descriptive statistics for tactile thresholds of CLP group, in grams. 
 
Group=CLP T IP RA LA MP 
Mean 0.018 0.090 0.162 0.467 8.460 
Median 0.011 0.083 0.194 0.206 0.106 
SD 0.019 0.091 0.088 0.555 18.740 
Minimum 0.005 0.006 0.009 0.010 0.022 
Maximum 0.051 0.219 0.219 1.341 41.983 
  
Notes: CLP=Cleft Lip and Palate, SD=Standard Deviation, T=Tongue Tip, IP=Incisive 
 Papilla, RA=Right Alveolus, LA=Left Alveolus, MP=Mid-posterior Palate 
 
 
 
 
 
Table 3 Summary of descriptive statistics for tactile thresholds of Control group, in 
grams. 
 
Group= 
Control  T IP RA LA MP 
Mean 0.006 0.071 0.070 0.037 0.041 
Median 0.006 0.078 0.065 0.010 0.016 
SD 0.003 0.062 0.060 0.038 0.054 
Minimum 0.003 0.006 0.009 0.007 0.007 
Maximum 0.010 0.135 0.143 0.083 0.135 
 
Notes: SD=Standard Deviation, T=Tongue Tip, IP=Incisive Papilla, RA=Right 
 Alveolus, LA=Left Alveolus, MP=Mid-posterior Palate 
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Table 4 summarizes the individual participant tactile thresholds for subjects in the CLP 
group, in comparison to the sensitivity thresholds of their age and sex-matched control 
subject.  
 
Table 4 Summary of individual CLP participant tactile thresholds in comparison to age 
and gender- matched control (noted in parentheses), in grams. 
 
   
Notes : 
 CLP =Cleft Lip and Palate, y/o=years old, M=Male, F=Female, RCLP=Right 
 Cleft Lip and Palate, LCLP=Left Cleft Lip and Palate, BCLP=Bilateral Cleft Lip 
 and Palate, T=Tongue Tip, IP=Incisive Papilla, RA=Right Alveolus, LA=Left 
 Alveolus, MP=Mid-posterior Palate 
  
 
 
 
 
 
CLP Group Cleft Type T IP RA LA MP 
18 y/o M RCLP 
0.007 
(0.005) 
0.006 
(0.135) 
0.194 
(0.120) 
0.010 
(0.074) 
0.106 
(0.007) 
20 y/o F LCLP 
0.015 
(0.006) 
0.006 
(0.127) 
0.172 
(0.015) 
0.690 
(0.010) 
0.022 
(0.016) 
35 y/o F BCLP 
0.051 
(0.003) 
0.135 
(0.006) 
0.216 
(0.009) 
1.341 
(0.009) 
41.983 
(0.040) 
40 y/o M RCLP 
0.011 
(0.008) 
0.219 
(0.008) 
0.219 
(0.065) 
0.206 
(0.007) 
0.062 
(0.008) 
46 y/o M RCLP 
0.005 
(0.010) 
0.083 
(0.078) 
0.009 
(0.143) 
0.088 
(0.083) 
0.127 
(0.135) 
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Figure 1 Individual CLP participant tactile thresholds in comparison to controls (g). 
 
 
Tactile Sensitivity Thresholds: ANOVA Results. Due to non-normal distributions of 
palatal sensitivity thresholds for some sites and subjects, values were log transformed. 
Results of the 2x5 ANOVA indicated a marginal effect of group (F(1,32)=3.41, 
p=0.0741). Overall, there was a trend for participants with CLP to exhibit higher log 
transformed tactile thresholds than controls. Because one participant with CLP exhibited 
an extremely elevated threshold at the mid posterior palate site (see Figure 1), the 
ANOVA was repeated with this value truncated to 10 grams. The repeated ANOVA still 
indicated a marginal effect of group (F(1,32)=3.55, p=0.0688).  The initial ANOVA also 
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indicated a significant effect of site (F(4,32)=4.56, p=0.0050) and no significant group by 
site interaction (F(2,32)=1.39, p=0.2529). Using an adjusted alpha of 0.005 (10 pairwise 
comparisons divided by 0.05), post hoc comparisons of the site effect indicated 
significant differences between the tongue and left alveolus (p=0.0023), the tongue and 
right alveolus (p=0.0013), and the tongue and mid posterior palate (p=0.0010). These 
results are consistent with previous reports that the tongue is more sensitive than areas on 
the palate (Grossman et al., 1965).  
 
Speech Segment Duration: Descriptive Statistics. Tables 5 and 6 summarize the group 
means, medians, standard deviations (SD), and minimum and maximum values for the 
absolute and normalized speech segment durations for the four target consonants /s/, /ʃ/, 
/l/, and /t/, for both the CLP group and the control group. Mean absolute speech segment 
durations for the CLP group were as follows: /s/ 115 ms (SD=25), /ʃ/ 112 ms (SD=16), /l/ 
62 ms (SD=20), /t/ 58 ms (SD=16). Mean absolute speech segment durations for the 
control group were as follows: /s/ 114 ms (SD=20), /ʃ/ 110 ms (SD=20), /l/ 64 ms 
(SD=25), /t/ 62 ms (SD=18). Mean normalized speech segment durations for the CLP 
group were as follows: /s/ 0.264 (SD=0.016), /ʃ/ 0.260 (SD=0.051), /l/ 0.150 (SD=0.030), 
/t/ 0.145 (SD=0.055). Mean absolute speech segment durations for the control group were 
as follows: /s/ 0.279 (SD=0.031), /ʃ/ 0.258 (SD=0.032), /l/ 0.168 ms (SD=0.042), /t/ 
0.154 (SD=0.027). 
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Table 5 Summary of descriptive statistics for absolute (in milliseconds) and normalized 
speech segment durations (in parentheses) for target consonants, for the CLP group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6 Summary of descriptive statistics for absolute (in milliseconds) and normalized 
speech segment durations for target consonants, for the control group. 
 
Control /s/ 
duration 
/ʃ/ 
duration 
/l/ duration /t/ duration 
Mean 
114 (0.279) 110 (0.258) 64 (0.168) 62 (0.154) 
Median 
105 (0.289) 103 (0.259) 63 (0.185) 54 (0.149) 
SD 
20 (0.031) 20 (0.032) 25 (0.042) 18 (0.027) 
Minimum 
94 (0.233) 89 (0.212) 37 (0.121) 43 (0.118) 
Maximum 
144 (0.309) 135 (0.294) 96 (0.212) 85 (0.194) 
 
Speech Segment Duration: ANOVA Results. All normalized speech segment durations 
were normally distributed. Results of the 2x4 ANOVA indicated no significant effect of 
group (F(1,24)=0.35, p=0.5588). While there was a significant effect of target phoneme 
CLP /s/ 
duration 
/ʃ/ 
duration 
/l/ duration /t/ 
duration 
Mean 
115 (0.264) 112 (0.260) 62 (0.150) 58 (0.145) 
Median 
105 (0.262) 105 (0.247) 67 (0.158) 65 (0.133) 
SD 
25 (0.016) 16 (0.051) 20 (0.030) 16 (0.055) 
Minimum 
96 (0.246) 100 (0.212) 33 (0.115) 30 (0.083) 
Maximum 
158 (0.289) 140 (0.346) 88 (0.178) 69 (0.227) 
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(F(3,24)=42.92, p=0.0010), the group by target phoneme interaction was not significant 
(F(3,24)=0.21, p=0.8875). Using an adjusted alpha of 0.0083 (6 pairwise comparisons 
divided by 0.05), post hoc comparisons of the target phoneme effect indicated significant 
differences between /l/ and /ʃ/ (p=0.0010), /l/ and /s/ (p=0.0010), /t/ and /ʃ/ (p=0.0010), 
and /t/ and /s/ (p=0.0010).  
 
 
Correlational Analysis. Relative to the third research question of interest, a correlational 
analysis was computed using mean log transformed tactile thresholds (T, IP, RA, LA, and 
MP) for all subjects (N=10) against the normalized mean speech segment durations of the 
target consonants (/s/, /ʃ/, /l/, /t/) for all subjects. While no statistically significant 
correlations were found when the correlations were applied to a matrix of Bonferroni 
probabilities (see Tables 7 and 8), the correlation between normalized duration of /ʃ/ and 
the log transformed tactile threshold of MP was 0.846 and approached significance 
(adjusted p=0.072). This finding is consistent with the suggestion by Gaylord and Zajac 
(2005) that decreased palatal tactile sensitivity (i.e., increased thresholds) may be related 
to prolonged segment durations.  
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Table 7 Pearson correlation matrix for log transformed tactile thresholds and normalized 
speech segment durations.  
 
 T  IP  RA  LA  MP  /l/ /s/ /ʃ/ /t/ 
T l 1.000         
IP  0.246 1.000        
RA  0.667 0.082 1.000       
LA  0.764 0.395 0.514 1.000      
MP  
0.743 0.287 0.269 0.579 1.000     
/l/ -0.226 0.142 -0.108 -0.526 -0.303 1.000    
/s/ -0.031 0.093 -0.525 -0.219 0.334 0.228 1.000   
/ʃ/ 0.510 0.242 0.001 0.220 0.846 -0.053 0.715 1.000  
/t/ 0.612 0.396 0.184 0.451 0.600 -0.095 0.579 0.773 1.000 
 
 
Table 8 Matrix of Bonferroni probabilities for log transformed tactile thresholds and 
normalized speech segment durations. 
 
 T  IP  RA  LA  MP  /l/ /s/ /ʃ/ /t/ 
T  0.000         
IP  1.000 0.000        
RA  
1.000 1.000 0.000       
LA  0.363 1.000 1.000 0.000      
MP  
0.497 1.000 1.000 1.000 0.000     
/l/ 1.000 1.000 1.000 1.000 1.000 0.000    
/s/ 1.000 1.000 1.000 1.000 1.000 1.000 0.000   
/ʃ/ 1.000 1.000 1.000 1.000 0.072 1.000 0.724 0.000  
/t/ 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.315 0.000 
 
Notes:  
 T=tongue, IP=incisive papilla, RA=right alveolus, LA=left alveolus, MP=mid- 
 posterior palate. 
  
DISCUSSION 
 
 The purpose of this study was to add to the sparse research base regarding tactile 
sensitivity in individuals with cleft lip and palate, specifically in regard to speech 
production. The proposed research questions were as follows: 1) Do adults with repaired 
cleft lip and palate demonstrate reduced palatal sensitivity compared to a control group? 
2) Do adults with repaired cleft lip and palate have increased durations of alveolar-palatal 
speech targets? 3) Is there a relationship between palatal sensitivity and duration of 
speech segments produced with alveolar-palatal targets? 
 
Alveolar-Palatal Sensitivity. No significant differences in alveolar-palatal sensitivity 
thresholds were found between the cleft lip and palate group (CLP) and control group in 
this study, although there was a trend for participants with CLP to exhibit higher log 
transformed tactile thresholds than controls. It should also be noted that a marginal effect 
of group was found, even when data from one CLP participant with an elevated threshold 
at the mid-posterior palate was truncated to 10 grams. These results are in contrast with 
those of Noguchi, Suda, Ito, and Kohama (2004) who reported significantly higher 
threshold values for both groups of patients with unilateral cleft lip and palate (UCLP) 
following push-back palatoplasty, in comparison to a control group. The lack of a 
significant group difference in threshold values for the present study may be attributed to 
small sample size. Noguchi et al. had 35 control participants and 37 cleft lip and palate 
(CLP) participants, in comparison to the sample size of five for both groups in this study. 
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Although Noguchi et al. also used Semmes-Weinstein monofilaments, they measured 12 
points for palatal sensitivity (3 points for each area: anterior, right lateral, left lateral, and 
central palate) and found the mean for each area, another factor which may have 
contributed to differing results.  
 Noguchi et al. (2004) reported that the anterior and central areas were 
significantly more sensitive than the lateral areas in their control subjects. Only two of 
the five control subjects in this study followed a similar trend. It could be hypothesized 
that age may have been a contributing factor for this difference; however, these two 
subjects were the oldest with a mean age of 43 in comparison to the mean age of 20 years 
for control subjects in the aforementioned research.  
 Noguchi et al. (2004) reported that sensitivity in the anterior and central areas 
were slightly lower than in the lateral areas for the supraperiosteal group and slightly 
lower in the central area than in the lateral area for the mucoperiosteal group, although 
these results were not significant. Three of the CLP subjects from the present study show 
similar trends. One subject cannot be compared as she had a bilateral CLP and Noguchi 
et al. only examined UCLP subjects. The other subject was an outlier as he did not show 
reduced palatal sensitivity on his cleft side as did the other CLP subjects in the present 
study (refer to Table 4).  
 Although not significant, the findings that the three subjects with UCLP in the 
present study demonstrated slightly reduced sensitivity on their cleft side could support 
the notion that surgical scarring may have an effect on sensitivity thresholds, as suggested 
by Noguchi et al. (2004). However, this cannot be concluded in the present study as two 
of the age and sex-matched controls for these CLP subjects also demonstrated this similar 
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trend in reduced sensitivity. Further research is needed with a larger sample size for more 
conclusive results.  
 It is also interesting to note that amongst the CLP subjects there was an overall 
trend for reduced sensitivity with the more posterior sites. The mean tactile threshold 
value for the incisive papilla (IP) for the CLP group was 0.090g (SD=0.091), while the 
mean sensitivity threshold values for the right alveolus (RA) and left alveolus (LA) (sites 
posterior to the IP) were 0.162g (SD=0.088) and 0.467g (SD=0.555), respectively. The 
mean tactile threshold for the mid-posterior palate (MPP) was 8.460g (SD=18.740), 
which was the most posterior site tested, and also the least sensitive. It can be speculated 
that if these CLP subjects had push-back palatoplasties, it may have exacerbated the 
expected posterior effect that has been reported by others.  
 The present study also supported previous reports that the tongue is more 
sensitive than areas on the palate. The initial ANOVA indicated a significant effect of 
site. Using an adjusted alpha, post hoc comparisons of the site effect indicated significant 
differences between the tongue and left alveolus, the tongue and right alveolus, and the 
tongue and mid-posterior palate.  
 
Speech Segment Durations. Relative to the second research question, no significant group 
differences were found for speech segment durations. As expected, there was a 
significant effect of target phoneme with /s/ and / ʃ / typically being longer than /l/ and/ t/.  
 
Palatal Sensitivity in Relationship to Speech Segment Durations. Relative to the third 
research question, correlations among tactile thresholds and speech segment durations 
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were not significant in the present study. However, a positive correlation (0.846) between 
the normalized duration of /ʃ/ and the log transformed tactile threshold of the mid-
posterior palate approached significance (adjusted p=0.072). This finding is consistent 
with the suggestion by Gaylord and Zajac (2005) that decreased palatal tactile sensitivity 
(i.e., increased thresholds) may be related to prolonged segment durations. This data 
suggests that with a greater sample size, this correlation may have reached significance, 
further supporting the need for a study with a larger number of participants. 
 
Palatal Sensitivity in Relationship to Palatal Scarring. The present study was also 
interested in examining the relationship between scar tissue and tactile thresholds. There 
does appear to be some subjective relationships between the amount of palatal scarring 
(based upon the author’s judgment of the photos) and the sensitivity thresholds that were 
measured. The CLP subject that appears to have the greatest amount of scar tissue also 
had the greatest sensitivity thresholds for both the left alveolus (LA) (1.341 g) and the 
mid-posterior palate (MP) (41.983 g). In future studies it would be interesting to include a 
blinded, subjective evaluation of scar tissue, in comparison to measurements of alveolar-
palatal sensitivity.  
 
Limitations. The number of participants (N=10) is a limitation of the present study. With 
such a small sample size, it may have been difficult for results to reach any statistical 
significance. For example, as it was noted previously, a positive correlation (0.846) 
between the normalized duration of /ʃ/ and the log transformed tactile threshold of the 
mid-posterior palate approached significance (adjusted p=0.072).  
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 Another potential limitation of the present study is the nature of mechanical 
sensory threshold testing using nylon monofilaments. Bove (2006) discusses issues with 
the tip geometry of the monofilaments and how the applied pressures change during 
bending. He notes that filaments with tips of equal geometry are not commercially 
available. Bove also cites speed of bending as having an effect on the force applied and 
previous studies in which filaments did not produce their intended forces. The present 
study attempted to control for these variables by calibrating the set of Semmes-Weinstein 
filaments used, as well as using the same experimenter (the author) to collect all 
sensitivity data. 
 
Implications. As noted previously, further research with a larger sample size is needed in 
regard to palatal tactile thresholds for adults with repaired cleft lip and palate. No 
conclusions from the present study can be made about speech segment durations in 
relationship to palatal tactile sensitivity; however, larger sample sizes may offer further 
information, specifically as to the relationship between the mid-posterior palate and the 
relationship between the normalized duration of /ʃ/.  
 As this was a pilot study, there are many avenues that further research could take 
with this data, as well as ways that the methods could be adjusted. Future investigators 
may want to focus on tactile thresholds of one or two sites within the oral cavity, such as 
expanding upon the correlation between the mid-posterior palate and /ʃ/. Or, researchers 
may want to examine other characteristics of speech, such as pressure within the oral 
cavity. If increased tactile thresholds may affect speech segment durations, perhaps 
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increased thresholds could affect an individual’s intraoral pressures and therefore, 
possibly their speech production. 
 One particular concern of the author’s in moving forward with further studies 
would be a control for maintaining wetness of the oral tissue during the alveolar-palatal 
sensitivity testing. In the present study, individuals were told that they could open and 
close their mouths as much as they wanted during the testing. The author observed that 
some individuals were often wetting their palate, while others rarely closed their mouths. 
As the oral tissue dried out, it may have had an effect on their sensitivity, possibly 
increasing thresholds. 
 Despite the fact that no conclusions can be made from the present study, the 
research is important for future studies in this area. The finding that reduced palatal 
sensitivity may affect duration of /ʃ/, may be important for speech-language pathologists 
working with individuals post cleft lip and palate repair. As suggested by Noguchi et al. 
(2004), information about reduced palatal sensitivity in adults with repaired cleft lip and 
palate may be important in determining which surgical procedures to use for cleft palate 
repairs, as well as for possible effects on speech.  
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APPENDIX A 
 
Calibrations for Semmes Weinstein Monofilaments 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Evalulator 
Size 
Calibrated Force 
(g) 
 1.65 0.008 
2.36 0.019 
2.44 0.039 
2.83 0.067 
 3.22 0.157 
3.61 0.391 
3.84 0.583 
4.08 0.920 
4.17 1.28 
4.31 1.93 
4.56 3.67 
4.74 5.52 
4.93 7.35 
5.07 10.000 
5.18 15.000 
5.46 26.000 
5.88 60.000 
6.10  100.000 
6.45 180.000 
6.65 300.000 
Calibrations for Filaments Used 
In This Study (in grams) 
Chart of Calibrations Included 
with the Touch Test Sensory 
Evaluators (Semmes Weinstein 
filaments) 
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APPENDIX B 
 
Alveolar Palatal Sensitivity Target Sites – Participant with Bilateral CLP 
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APPENDIX C 
 
Alveolar Palatal Sensitivity Target Sites – Participant with Right CLP 
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APPENDIX D 
 
Alveolar Palatal Sensitivity Target Sites – Participant with Right CLP 
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Alveolar Palatal Sensitivity Target Sites – Participant with Right CLP 
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APPENDIX F 
 
Alveolar Palatal Sensitivity Target Sites – Participant with Left CLP 
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APPENDIX G 
 
Example of Analysis for Sensitivity Thresholds Using VF Test Program 
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